In the present study, Fenugreek (Trigonella foenum graecum) seedlings were divided into three groups, the first of which was allowed to grow under normal irrigation conditions (full field capacity), the second under moderate water stress (50 % of the field capacity) and the third under severe water stress (25 % of the field capacity). With the beginning of stress treatment, the seedlings of each group were subdivided into four subgroups. The first represented control, the second sprayed with GA3 (1000 p.p.m), the third with IBA (100 p.p.m) and the fourth with kinetin (100 p.p.m). After two weeks of treatment plants were collected for measurement of plant growth and analysis of leaf proteins to study the effect of water stress and some of the plant growth regulators on growth and gene expression. Some of the growth characters were retarded by water stress. Growth regulators improved the growth of plants under normal irrigation conditions and could overcome some of the adverse effects of stress on water stressed plants. Some alterations on the leaf-protein SDS-PAGE patterns were observed in plants in response to the effect of water stress and the application of growth regulators. GA3 treatment resulted in the appearance of two novel bands under normal irrigation and disappearance of the stress induced band. IBA resulted in the disappearance of a band that presents in the corresponding control while kinetin resulted in the over-expression of another band.
Introduction
Fenugreek plant is a flowering annual indigenous to countries on the eastern shores of Mediterranean. It is widely cultivated in India, Egypt, Ethiopia, and Morocco and occasionally in England (Polhil and Raven 1981) . Fenugreek is becoming popular around the world with its extract used to flavor cheese in Switzerland, artificial maple syrup and bitter-run in Germany, roasted seeds as coffee-substitute. In Africa, seed powder is mixed with flour to make flat-bread in Egypt; the seeds are also used as an anti-diabetic. Whole seed and dried plant are used as insect and pest repellent in grain storage. Oil is used in perfumery in France (Rajagopalan, 1998) . Research reports in the recent years have indicated that fenugreek can be a remedy to diabetes by lowering blood sugar and cholesterol levels (Sharma, 1990 ). Celina et al. (2005) defined drought stress as a complex syndrome involving not only water deprivation but also nutrient limitation, salinity, and oxidative stresses and that most environmental stress forms as drought, salt, low and high temperature; have a common denominator. In many countries of the Middle East where fenugreek plant is being cultivated, water stress exists. Wangaxia et al. (2003) illustrated that abiotic stresses such as drought stress will lead to a loss of about 30% of the cultivated lands by the year 2025 and about 50% by the year 2050 in some parts of the world, and suggested that abiotic stresses such as drought should be given high research priority. Since many plants can not escape drought stress, they adapt themselves on morphological as well as biochemical and molecular levels. With respect to the morphological level, it has been frequently reported that water stress reduce the general features of plant growth There are strong evidences that abiotic stresses, like water stress affect gene expression and gene products e.g. (osmoprotective compounds). Exposure of plants to water-limiting environments during the plant's vegetative, reproductive, or early embryo development phases appears to trigger a set of physiological and developmental changes and accordingly a number of biochemical changes that ultimately result in an increase or a decrease in the biosynthesis of a large number of distinct proteins that alter enzyme activity.
Changes in the protein profile may take place in response to many reasons like (transcription rate, RNA stability, post-transcriptional control, and protein turnover, etc.). Several genes have been described to respond to dehydration at the transcriptional level in a variety of plant species (Smirhoff and Colombe, 1989; Skriver and Mundy, 1990; Luchi et al., 1996; shinozaki and Yamaguchi-Shinozaki, 1996; Bray, 1997; Oliver et al., 1998; Tabaeizadeh, 1998) . Metabolic changes in response to the effect of water stress include reduction in photosynthetic capacity (Ritchie et al. 1990 ), significant increases in the proteolytic and amylolytic activities (Hussein 1993) , accumulation of organic acids such as malate, citrate and lactate and osmoprotective substances like proline, sugars and betaine (Bohnert et al., 1995;  shinozaki and Yamaguchi-Shinozaki, 1996; Bray, 1997; Tabaeizadeh, 1998).), and an overall reduction in protein synthesis (Mason et al., 1988) . Lilach et al. (2002) , illustrated that the extreme drought tolerance of the desert legume Retama. raetam and its acclimation to the desert ecosystem and its ability to withstand long periods of drought is a result of a combination of biochemical, molecular and structural mechanisms. Armiard et al. (2003) found that drought stress increase galactinol in plants due to the significant increase in myo-inositol, which is the precursor of Sheo and Singh, 1999) . The adverse effects of osmotic stress on Ceratoides lanata was alleviated by exogenous application of kinetin and not by gibberrellic acid treatment (Khan et al. 2004 ).
Zin-Huang et al. (1997) after their in vitro studies on soybean hypocotyls reported that the treatment with kinetin increased callus growth not only because it plays a role in cell division but also because it lowers the rate of degradation of endogenous IAA.
The various physiological responses of plants usually obtained after application of growth regulating substances or phytohormones is largely dependent on the effect of such substances on gene activation or gene expression, and accordingly on gene products like mRNA and respective proteins. GA3, for example, is known to trigger the synthesis of several hydrolytic enzymes (Baulcombe et. al. 1986 , Ho et. al. 1987 . Dhindsa et al. (1987) , working on mung bean seedlings, observed the appearance of novel auxin induced proteins in the protein electrophoretic patteren. A number of nuclear encoded mRNAs for chloroplast protein were suggested to be controlled at the transcript level by cytokinins (Funckes Shippy and Levine, 1985) . Reports indicate that cytokinins (e.g. kinetin) mediate the synthesis and maintenance of various proteins. Che et al. (2002) observed that phytohormones activated special genes and some physiological responses (like shoot development) in Arabidobsis.
In the present study, trials were conducted to through some light on the effect of water stress and growth regulators on some gene products (proteins) and the subsequent effects on growth of fenugreek.
Materials and Methods
The seeds of fenugreek (Trigonella foenum-graecum) were planted in black polyethylene bags (20 cm in diameter). Each bag contained one kilogram soil. Plants were grown under natural temperature and irrigation conditions for 10 days and then they were divided into 3 main groups. The first one was irrigated daily to keep it at full field capacity (normal irrigation conditions), the second at 50% of its field capacity (S1) and the third at 25% (S2). This was carried out by weighing a sample of the soil and adding the required amount of water (lost water). Each one of the three main groups was subdivided into 4 subgroups. The first was kept as control, the second was sprayed with GA 3 (1000 p.p.m), the third with IBA (100 p.p.m), and the fourth with kinetin (100 p.p.m). Each treatment was represented by three replicates. Two weeks after treatment, samples were collected for the measurement of growth characters (shoot and root length and fresh weight), the samples were dried in anoven at 50 0 C until constant dry weights were obtained for determination of shoot and root dry weights. Accurately, 0.1 gm from the youngest and fully expanded leaves was taken for the sodium dodecylesulphate polyacrylamide gel electrophoresis of proteins (SDS-PAGE) to study the gene expression under the effect of water stress and the application of some growth regulators treatment. Extraction for protein determination was carried out using Tris buffer, PH 7.5 (Jonathan and Weaden 1990). Protein fractionation was carried out according to the method of Laemelli (1970) . Results of the present study were analyzed statistically according to (Steel and Torry 1980) .
Results and Discussion
Results of the present study, as illustrated in table (1) and figure (2), declare that water stress reduced some of the measurements of the vigor of growth of fenugreek as shoot length, fresh and dry weights while the root length was enhanced, especially by the moderate stress (S1). Such enhancement was not accompanied by any increases of neither the fresh nor the dry weight. It was generally observed that the roots became longer but not abundant. Such The alterations observed in the protein patterns of SDS-PAGE adopted in this study may through some light on the reasons behind the above-mentioned responses. SDS-PAGE has shown that the overall number of major bands detected was 15 bands. Bands number 1, 2, 3, 4, 5, 6, 7, 10, 11, 12 and 14 (table 2) were observed in all studied samples. Twelve bands were detected in the control samples (normal irrigation conditions and no growth regulator application). Water stress changed the SDS-PAGE pattern. In fig. No. (3 There is a general and strong agreement now that subjecting plants to abiotic stress such as water or salt stresses affect gene expression by enhancing genes to signal for the biosynthesis of osmoprotective proteins and this may lead to both qualitative and quantitative differences between normal and stressed plants in the protein electrophoretic patterens and this may also be the reason of alteration of cell enzymatic activities and gross biochemical changes in the cell like reduction in photosynthetic activity (Ritchie et.al. 1990 ), accumulation of organic acids such as malate, citrate and lactate and osmoprotective substances like proline, sugars and betaine (Bohnert et. al., 1995 ; Shinozaki and Yamaguchi-Shinozaki, 1996; Bray, 1997; Tabaeizadeh, 1998).), and an overall reduction in protein synthesis (Mason et. al., 1988) and an overall reduction in the vigor of plant growth ( as obtained in this study). The results of the present study may also agree with the result obtained by Jang et. al. (2004) who observed, in the protein profile, the expression of a protein that facilitates water transport (which becomes more difficult under stress conditions) across biological membranes in Arabidopsis thaliana, grown under water stress conditions. It could be included that the expression of such protein may be also as one of the defense mechanisms of plants against stress beside the other mechanisms like synthesis of osmoprotective compounds. (2) showed that the used growth regulators tended to improve plant growth. Growth regulators could generally improve the growth of plants grown under normal irrigation conditions and counteract some of the adverse effects of abiotic stress in the present study. Simillar results were also observed in the work of other authors (Sinha and Varma, 1974 Khan et. al. 2004 ). Improvement of plant growth by growth regulators may be explained on the basis that growth regulators enhance many cellular physiological activities like cell division, cell elongation and the biosynthesis of many cellular stress osmoprotective materials. Results of the present study (table 2  and figure 3 ) may explain such responses.
Treatment with GA 3 under normal irrigation conditions and the second level of water stress (S2) resulted in the appearance of two novel bands; band number 9 (R F =0.41) and band number13 (R F =0.62) in lanes (2 and 10) . This may indicate the effect of GA 3 on gene expression and products. In figure 3 , lane 5, under the first level of water stress (S1), a new protein band (number 15 in table 2, R F =0.68), was observed. This new band, which appeared under stress conditions disappeared when the stressed plants were treated with GA 3 ( figure 3, lane 6) . It may be concluded that GA 3 may have alleviated the adverse effects of water-stressed plants by returning gene expression and protein profile to the normal status (as in the control plants). Under the second level of water stress (S2) this band (stress induced band) appeared again and the GA 3 treatment resulted not only on the disappearance of it but also the appearance of two additional bands (9 &13 in table 2). The results obtained in this study may agree with the work of other authors who stated that GA 3 trigger the synthesis of several hydrolytic enzymes (Baulcombe e.t al. 1986 , Ho et. al. 1987 . Under normal irrigation conditions, IBA (table 2 and lane 3 in figure 3 ) resulted in the absence of a band that presents in its corresponding control (band No. 8). On the contrary of this result, Dhindsa et. al. (1987) observed the appearance of novel auxin induced proteins. In the present study IBA resulted in the occurrence of an additional band (band No. 9-R F =0.41) but only under severe stress conditions. However, the type of response to hormonal treatment may depend on the species studied or the physiological status of the plant.
Under the second level of water stress (lane 12 in Figure 3 ), (see also table 2), kinetin resulted in the over-expression of band No. 4 which presents also in the corresponding control. Regarding the effect of cytokinins on protein electrophoretic patterens, a number of reports indicate that cytokinins (e.g. kinetin) mediate the synthesis and maintenance of various proteins. In this regard, Funckes Shippy and Levine (1985) and indicated that a number of nuclear encoded mRNAs for chloroplast protein is controlled at the transcript level by cytokinins.
Conclusion
The growth and the leaf proteins of fenugreek were affected by water stress and treatment with growth regulators. Water stress resulted in the reduction of some growth characters and induced an additional protein band. Growth regulators improved some of the growth parameters of fenugreek grown under normal irrigation conditions and alleviated the adverse effects of water stress on plants. GA 3 treatment under normal irrigation conditions induced two additional protein bands. The stress induced novel protein band was absent after GA 3 treatment. IBA, under normal irrigation resulted in the disappearance of a protein band that presents in the corresponding control. Under severe water stress, IBA resulted in the appearance of an additional protein band. Kinetin treatment resulted in the over expression of one the common or characteristic protein bands. The obtained results may through some light on the interactive effects of water stress, growth substances on growth and gene activity of fenugreek. 
